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ARTICLE INFO ABSTRACT 

Article history: Background: Many antidepressants are effective in alleviating ethanol withdrawal symptoms. However, most 
Received 13 January 2015 of them suppress rapid eye movement (REM) sleep. Thus, development of antidepressants without undesir- 
Revised 16 June 2015 able side effects would be preferable. Previously, crude alkaloid extract from Mitragyna speciosa (MS) Korth 
Accepted 23 July 2015 was found to produce antidepressant activities. It was hypothesized that the alkaloid extract from MS may 

attenuate ethanol withdrawal without REM sleep disturbance. 

Keywords: Methods: Adult male Wistar rats implanted with electrodes over the frontal and parietal cortices were used 
Fluoxetine for two separated studies. For an acute study, 10 mg/kg fluoxetine or 60 mg/kg alkaloid extract from MS were 
Mitragyna speciosa administered intragastrically. Electroencephalographic (EEG) signals were recorded for 3 h to examine sleep 
vee withdrawal profiles and EEG fingerprints. Another set of animal was used for an ethanol withdrawal study. They were 
EEG rendered dependent on ethanol via a modified liquid diet (MLD) containing ethanol ad libitum for 28 days. 


On day 29, fluoxetine (10 mg/kg) or alkaloid extract from MS (60 mg/kg) were administered 15 min before 
the ethanol-containing MLD was replaced with an isocaloric ethanol-free MLD to induced ethanol withdrawal 
symptoms. 

Results: The sleep analysis revealed that alkaloid extract from MS did not change any REM parameters which 
included average duration of each REM episode, total REM time, number of REM episode and REM latency 
whereas fluoxetine significantly suppressed all REM parameters and delayed REM latency. However, power 
spectral analysis revealed similar fingerprints for fluoxetine and alkaloid extract from MS characterized by 
decreasing powers in the slow frequency range in frontal and parietal cortical EEG. Neither treatment affected 
spontaneous motor activity. Finally, both alkaloid extract from MS and fluoxetine were found to significantly 
attenuate ethanol withdrawal-induced hyperexcitability (increases gamma activity) in both cortices and to 
reduce locomotor activity. 

Conclusion: The present study demonstrated that the alkaloid extract from MS alleviates ethanol withdrawal 
severity with no side effect on REM sleep. In addition, these data suggest that suppressive effects on slow 
frequency powers but not REM sleep may be hallmarks of effective antidepressants for ethanol withdrawal 
treatment. 


Ethanol withdrawal 


© 2015 Elsevier GmbH. All rights reserved. 


Introduction 


Abbreviations: AP, anteroposterior; CPP, conditioned place preference; EEG, elec- Antidepressants have been consistently reported to be useful in 
troencephalographic; EMG, electromyography; FFT, fast Fourier transform; ICLAS, In- p y tep 


ternational Committee on Laboratory Animal Science; MLD, modified liquid diet; MS, treatment of ethanol withdrawal and dependence (Cheaha et al. 
Mitragyna speciosa; NREM, non-rapid eye movement; REM, rapid eye movement; SSRI, 2014; Uzbay et al. 2004). However, their most common effect is a 
selective serotonin reuptake inhibitor; TLC, thin layer chromatography; FLU, fluoxetine; 
EW, ethanol withdrawal; ANOVA, analysis of variance. 
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reduction of REM sleep (Thase 1998). Consistent findings indi- 
cate that antidepressant drugs including tricyclics, tetracyclics, 
monoamine oxidase inhibitors or selective serotonin reuptake in- 
hibitors (SSRIs) produce substantial effects on REM sleep. In gen- 
eral, they prolong REM sleep latency and suppress REM sleep time 
in healthy subjects (Thase 1998; Rijnbeek et al. 2003) as well as labo- 
ratory animals (Ivarsson et al. 2005). A decrease in cholinergic activ- 
ity and an increase in aminergic activity are two main factors in the 
REM sleep suppression mechanism of antidepressant drugs (Costa e 
Silva 2006). In terms of etiology, sleep disturbance is positively corre- 
lated with psychiatric illness (Costa e Silva 2006). In particular, REM 
disturbance was related to neurodegenerative disease such as Parkin- 
son’s (Naismith et al. 2010). REM analysis also showed high predictive 
power for Parkinson’s symptoms (Mahale et al. 2014). Any enhance- 
ment of REM disturbance is likely to aggravate neurodegeneration. 
Thus, antidepressants that do not disturb REM are being sought to 
avoid undesirable effects. Until recently, only a few antidepressants 
have been demonstrated with no apparent REM sleep inhibition, such 
as trimipramine (Riemann et al. 2002). 

Previously, Mitragyna speciosa Korth (MS) has been used as a 
medicinal plant. Its antinociceptive effects have been confirmed in 
animal studies (Thongpradichote et al. 1998). Recently, the focus has 
shifted to its antidepressant-properties. Mitragynine, a major alka- 
loid of the MS, was found to act on noradrenergic and serotoner- 
gic descending pathways (Matsumoto et al. 1996). Alkaloid extract 
from MS also stimulated rat dorsal raphe nuclei, the main site for 
serotonin biosynthesis, and produced antidepressant-like effects in 
mice (Kumarnsit et al. 2007a). In a study using a nociceptive model, 
alkaloid extract from MS exhibited higher potency than pure mi- 
tragynine (Horie et al. 2005; Watanabe et al. 1992). Antinociceptive 
actions of alkaloid extract from MS are believed to also rely on 7- 
hydroxymitragynine, a minor constituent reported to have stronger 
effects than morphine when administered orally (Matsumoto et al. 
2004). 

Serotonergic hypofunction has been found to underlie ethanol 
withdrawal symptoms. Various substances with serotonergic en- 
hancing properties have been successfully used to ease ethanol with- 
drawal symptoms (Uzbay et al. 2004). In addition, the MS aque- 
ous extract was effective in alleviating ethanol withdrawal in mice 
(Kumarnsit et al. 2007b). Hence, the alkaloid extract from MS was 
proposed to be a potential candidate for ethanol withdrawal therapy. 
However, its effects on sleep pattern were still uninvestigated. 

The initial phase of ethanol withdrawal studies relied mainly on 
animal behavior observation. It was simple to detect obvious changes 
that reflect mild or severe symptoms. However, some discrepancies 
frequently arose depending on the symptoms or behaviors being 
assessed (Slawecki et al. 2006). Moreover, subjective methods of 
analysis were sometimes used for behavioral studies. To improve 
drug discovery, more scientific methods with objective biomarkers 
were utilized for bias-free analysis. Recently, Fast Fourier transform 
has been extensively applied for neurophysiological signal analysis, 
especially in brain research. This algorithm allows for scientifically 
qualitative (sleep-wake) and quantitative (electroencephalography, 
EEG power) analysis of electrical brain activity. 

This study was performed in a rat model. Administration of pure 
mitragynine produced significant reward response in a conditioned 
place preference (CPP) test, whereas the alkaloid extract from MS did 
not (Sufka et al. 2014). This suggested a higher risk of possible sub- 
stance dependence for mitragynine. Thus, alkaloid extract from MS 
was used. First, acute effects of the fluoxetine and alkaloid extract 
from MS were examined in order to characterize their sleep param- 
eters and EEG fingerprints. Additionally, effects of these substances 
on ethanol withdrawal-induced physical and cortical hyperexcitabil- 
ities were examined. Changes in fast frequency oscillation, especially 
gamma activity, have been previously recognized as an index of cor- 
tical hyperexcitability induced by ethanol withdrawal (Cheaha et al. 


2014; Slawecki et al. 2006). Fluoxetine, a standard antidepressant 
SSRI, was used as a reference compound (Cheaha et al. 2014; Uzbay 
et al. 2004). 


Material and methods 
Plant materials 


The Mitragyna speciosa (MS), found mainly in Thailand and 
Malaysia, belongs to the family Rubiaceae, genus Mitragyna. It is well- 
known as 'kratom' in Thai. Young leaves of MS were collected from 
natural sources in Songkhla and Satun provinces, Thailand during 
2004-2005. Authentication of the plant material was carried out at 
the Department of Pharmacognosy and Pharmaceutical Botany, Fac- 
ulty of Pharmaceutical Sciences, Prince of Songkla University, Thai- 
land where the herbarium voucher specimens (no. PCOG/MS001- 
002) have been deposited. 


Extraction and analysis of alkaloid extract from MS 


An MS alkaloid-rich extract was prepared as previously described 
(Kumarnsit et al. 20072). In brief, dried MS leaves were powdered 
and macerated with methanol (repeated three times). The methanol 
filtrates were combined and evaporated under reduced pressure. The 
crude methanol extract dissolved in 10% acetic acid solution was well 
shaken and left to stand overnight. The acidic filtrate was washed 
with petroleum ether, then brought to pH 9 with 25% ammonia so- 
lution and extracted with chloroform. The chloroform extract was 
washed with distilled water, dried over anhydrous sodium sulfate and 
evaporated to yield a dry alkaloid extract from MS (with an approxi- 
mately 0.25% yield based on the fresh leaf weight). An aliquot (2.5 g) 
of alkaloid extract was subjected to silica gel column chromatogra- 
phy, eluted with 5% methanol in chloroform to obtain a major alkaloid 
(1.27 g), which appeared as a single spot on thin layer chromatogra- 
phy (TLC) analysis (four solvent systems). 


Identification of alkaloid extract from MS 


The extract was analyzed by using high performance liquid chro- 
matography (HPLC). Mitragynine was used as a standard. Firstly, 150 
ppm pure mitragynine was prepared in methanol. Then, the sample 
was injected into the HPLC column. Retention time of the only domi- 
nant peak was 7.582 (Fig. 1A). After that, the alkaloid extract from MS 
(25.62 mg) was prepared in methanol (2 ml) and diluted 10 fold. The 
sample of alkaloid extract from MS (10 pl) was run under the same 
conditions. The identical retention time of the dominant peak was ob- 
tained with 80.453 percent area (Fig. 1B). Finally, the dominant peak 
was confirmed by adding 500 ppm pure mitragynine into the sam- 
ple of alkaloid extract from MS. The result showed that the dominant 
peak appeared with the same retention time and additional height 
(86.861 percent area) (Fig. 1C). 


Reagents and chemicals 


The alkaloid extract from MS was dissolved in co-solvent (Tween 
80: propylene glycol: H20 at a 1:4:4 ratio). A concentration at 60 
mg/kg was chosen for alkaloid extract from MS according to its an- 
tidepressant effects (Kumarnsit et al. 2007a). Fluoxetine (Flutine®, 
Merck, Thailand), a standard drug of SSRI, was dissolved in sterile dis- 
tilled water to a desired concentration. A 5-cm curved stainless steel 
gavage needle with 3-mm ball tip was used for intragastric adminis- 
tration with a volume of 1 ml/kg body weight. Animals in the control 
group were treated with the co-solvent as vehicle group. 
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Fig. 1. High performance liquid chromatography (HPLC) chromatograms of 150 ppm mitragynine (A), MS alkaloid extract (B) and MS alkaloid extract plus 500 ppm 


mitragynine (C). 


Animals 


Male Wistar rats were provided by the Southern Laboratory 
Animal Facility (Prince of Songkla University, Songkhla, Thailand). 
Animal weights were between 250 and 300 g at the start of the ex- 
periment. They were housed in standard environmental conditions 
(23-25 °C, 50-55% humidity and 12/12 h light/dark cycle) and fed 
with standard commercial food pellets and given water ad libitum. All 
the tests were performed between 8.00 A.M. and 4.00 P.M. This study 
was carried out in accordance with guidelines of the European Sci- 
ence Foundation (Use of Animals in Research, 2001) and International 
Committee on Laboratory Animal Science, ICLAS (2004). The experi- 
mental protocols for care and use of experimental animals described 
in the present study were approved and guided by the Animals Ethi- 
cal Committee of the Prince of Songkla University (MOE 0521.11/613). 
All efforts were made to minimize animal suffering and to reduce the 
number of animals used. 


Animal surgery for EEG electrode implantation 


Animals were anesthetized with intramuscular injection of 60 
mg/kg Zoletil? 100 (Virbac, Thailand Co. Ltd.). Stainless steel screw 
electrodes were stereotaxically implanted in 3 mm lateral within the 
left hemisphere with anteroposterior (AP) coordinates *3 mm and 
—4 mm for frontal and parietal cortices according to the rat brain 
atlas (Paxinos and Watson 1982). The reference and ground elec- 
trodes were placed at midline over the cerebellum. Bipolar electrode 
wires were inserted in the dorsal neck muscles for electromyography 
(EMG). All electrodes were secured in place with dental acrylic (Uni- 
fasttrad, Japan). After surgery, animals were housed individually and 
left for 7-10 days to recover. Therefore, they were acclimatized with 


recording condition once a day for 4 consecutive days. The dimension 
of recording chamber was 40 x 40 x 40 cm?. 


EEG and EMG signal acquisition and analysis 


Methods in details of signal recoding and analysis were described 
in the previous study (Cheaha et al. 2014). Briefly, EEG signal were 
collected with a low-pass 60 Hz, high-pass 0.1 s and digitized at 
400 Hz by a PowerLab/4SP system (ADInstruments) with 12-bit A/D, 
and stored in a PC through the LabChart 7 program software. On the 
other hand, EMG signal was selected through 1-100 Hz cutoff. For of- 
fline analysis, the EEG and EMG signals were processed through 1.25- 
50 Hz and 10-100 Hz band pass digital filter, respectively. The dig- 
itized EEG data were segmented into 1024-point (50% overlap) and 
the signals were converted to power spectra by the Fast Fourier trans- 
form (FFT) algorithm (Hanning window cosine transform). Then, the 
power spectra of 2.56-s sweeps of selected period were averaged to 
give the power spectra of the period. FFT was used to analyze spectral 
power of frequency spectrum. Gamma power was quantitated from a 
range of 30.5-45 Hz of the EEG spectrum following previous report 
(Cheaha et al. 2014). 


Analysis of sleep-wake parameters 


Identification of sleep-wake cycles of animals was based on char- 
acteristics of EEG and EMG patterns (Fig. 2, Top panel). Awake periods 
were seen with fast waves and low amplitude EEG whereas non-rapid 
eye movement (NREM) sleeps were identified with slow waves and 
high amplitude EEG. EMG activity (amplitude) was obviously high 
during awake periods and low during NREM sleeps. During rapid eye 
movement (REM) sleeps, fast wave dominated and EMG activity was 
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Fig. 2. The representative spectrograms displaying interchange of brain states of control, VH (A), 10 mg/kg fluoxetine, FLU10 (B) and 60 mg/kg MS alkaloid extract, MS60 (C) groups. 
In spectrograms, values of EEG powers are expressed as a coded color of frequency against time during awake, NREM and REM sleep periods. Yellow arrows indicate REM sleep 
segment. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 


almost abolished. These parameters were confirmed by using FFT to 
analyze power spectrum. 

Sleep-wake cycles were also confirmed through visual inspection 
by using EEG spectrogram (Fig. 2, bottom panel). Spectral powers of 
continuous signal were represented by coded color spectrum. With 
representative colors of EEG power, it was clear to identify periods of 
wakefulness, slow wave sleep and REM sleep. Therefore, durations of 
each parameter were evaluated to create hypnograms and averaged 
in each groups for statistical analysis. 


Spontaneous locomotor recording and analysis 


A tracking system was used to analyze movement of the animals. 
Spontaneous motor activity was recorded using a webcam vertically 
mounted on the top of the recording chamber. Animal image was 
continuously captured and transferred to the computer. Therefore, 
visual C++-based software developed in our lab was used to analyze 
locomotor activity (Cheaha et al. 2014). The analysis of animal move- 
ment was based on the detection of contrast between animal body 
(white) and chamber background (black). The center of animal body 
was tracked. Distance traveled by animal was validated by using the 
reference of scale bar. The translocation of animal was detected with 
the sensitivity at 2-mm threshold. A period of continuous transloca- 
tion that followed with one stop (speed 0 m/s) was considered one 
count. Total translocations during the testing period were summed 
for each animal. 


Acute effects of alkaloid extract from MS and fluoxetine on EEG patterns 
and sleep profiles 


Animals were divided into three groups to receive intragas- 
tric administration of vehicle (VH, n — 8), 10 mg/kg fluoxetine 


(FLU10, n = 8) or 60 mg/kg alkaloid extract from MS (MS60, n = 9) 
respectively. They were habituated to the experimental conditions in 
the recording chamber for 4 days before testing. On the testing day, 
electrical field potentials were recorded for 1 h during a pre-drug pe- 
riod followed by 4 h of post-drug administration recording. 


Effects of alkaloid extract from MS and fluoxetine pretreatment 
on ethanol withdrawal 


Animals were fed with a modified liquid diet (MLD) containing 
ethanol, at a progressively increasing concentration (from 2.4% for 
3 days, to 4.8% for 4 days, to 7.2% for 21 days) as previous described 
(Uzbay and Kayaalp 1995). Then, the ethanol containing MLD was re- 
placed with isocaloric ethanol-free MLD to induce withdrawal (day 
29). Amounts of ethanol consumption and body weight were mea- 
sured once a day during ethanol consumption period. The dose and 
time course of pretreatment was designed by following our previ- 
ous study (Cheaha et al. 2014). Fifteen minutes before ethanol with- 
drawal, ethanol dependent animals were given intragastric adminis- 
tration with either vehicle (VH), 10 mg/kg fluoxetine (FLU10) or 60 
mg/kg alkaloid extract from MS (MS60). Then, EEG signals of indi- 
vidual rats were recorded for an 8-h period through connection of 
recording cables. In this experiment, animals were divided into five 
groups: non-ethanol dependent or control naive (CN) + VH (n = 6), 
non-ethanol withdrawal (non-EW) + VH (n = 7), ethanol withdrawal 
(EW) + VH (n = 6), ethanol withdrawal (EW) + FLU10 (n = 7) and 
ethanol withdrawal (EW) * MS60 (n — 6) groups. 


Statistical analysis 


The data were normalized with that of a baseline or control 
naive group (non-ethanol dependent group) to obtain % baseline or % 
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Fig. 3. Effects of acute treatment of fluoxetine and MS alkaloid extract on brain vigilance stages of representative animals shown in hypnograms (A-C). REM parameters were 
analyzed from a period of 4 h following oral administration of (D) vehicle (VH), (E) 10 mg/kg fluoxetine (FLU10) and (F) 60 mg/kg MS alkaloid extract (MS60). Data are expressed as 


mean + S.E.M. 


control naive respectively. They were subsequently averaged and ex- 
pressed as mean + S.E.M. for each group. One-way analysis of vari- 
ance (ANOVA) was used to determine the influence of treatment fac- 
tors. Multiple comparisons using Student-Newman-Keuls post hoc 
were performed to indicate specific points of significant difference 
(p < 0.05). 


Results 


Effects of acute treatment with fluoxetine or alkaloid extract from MS 
on sleep-wake parameters 


EEG and EMG were used to identify the sleep—wake parameters of 
animals as described in previous study (Cheaha et al. 2014). The anal- 
ysis of EEG power spectrum provided temporal details of wake, NREM 
and REM occurrences. EEG-based spectrograms of four representative 
animals in vehicle (Fig. 2A), alkaloid extract from MS (Fig. 2B) and 
fluoxetine (Fig. 2C) groups are shown. In addition, the dynamic inter- 
change among parameters was illustrated in hypnograms (Fig. 3A-C). 
The occurrences of REM episode were particularly inspected. Control 
animals had approximately eight REM episodes during a 4-h period 


of recording. However, REM sleep was almost completely abolished 
in fluoxetine group (FLU10). In particular, four of total eight rats 
in fluoxetine group did not enter REM stage at all. The occurrence 
and pattern of REM sleep in alkaloid extract from MS group (MS60) 
appeared to be relatively similar to that of control animals. Taken 
together, spectrograms and hypnograms revealed several sleep 
abnormalities in EEG profiles of individual animals that received 
fluoxetine. 

One-way ANOVA also confirmed significant changes in num- 
ber of REM episode (F> 24 = 11.78, p < 0.001), average time in 
each REM episode (F> 24 = 5.151, p < 0.05) and total time in 
REM (Fp, 24 = 9.57, p < 0.01) (Fig. 3D-F). For all parameters ana- 
lyzed, multiple comparisons indicated significant changes induced 
by fluoxetine but not alkaloid extract from MS compared to control 
values. 


Effects of acute treatment with fluoxetine or alkaloid extract from MS 
on frequency spectral power 


EEG powers were analyzed hourly for 4 h (Fig. 4). In the frontal 
cortex (Fig. 4A-D), both treatments were found to suppress slow 
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Fig. 4. Spectral power of EEG frequency from the frontal (A-D) and parietal (E-H) cortices during the 1st to 4th h. following intragastric administration of vehicle (VH), 10 mg/kg 
fluoxetine (FLU10) and 60 mg/kg MS alkaloid extract (MS60). Data are expressed as mean + S.E.M. of power density. 
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Fig. 5. Acute effects of fluoxetine and MS alkaloid extracts on locomotor counts and total distance. Data were analyzed from a period of 4 h following oral administration of vehicle 
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powers approximately from 1.25 to 20 Hz. Alkaloid extract from 
MS exerted effects similarly to those seen for fluoxetine. Clear ac- 
tions were prolonged until the 4th h. Similar results were also ob- 
tained from the parietal cortex (Fig. 4E-H). Fluoxetine (10 mg/kg) 
as well as alkaloid extract from MS produced similar EEG patterns 
with decreased powers of similar frequency ranges within both brain 
areas. 


Effects of acute treatment with fluoxetine or alkaloid extract from MS 
on locomotor activity 


Locomotor activity was analyzed in terms of locomotor count and 
total distance made by animals following drug administration. There 
was no significant change found for both parameters (Fig. 5). 


Effects of treatment with fluoxetine or alkaloid extract from MS 
on gamma power during ethanol withdrawal period 


The ethanol dependent animals had lower body weight compared 
to non-ethanol dependent animals. However, no significant differ- 
ence among ethanol dependent groups was found from the start 
of ethanol dependent induction until withdrawal period (data not 
shown). 

Gamma activity was particularly monitored during a period of 
ethanol withdrawal. In frontal EEG analysis, a progressive increase of 
gamma powers in ethanol withdrawal group was observed (Fig. 6A). 
The increase of gamma powers persisted until the 8th h. Clear in- 
crease in gamma power was obvious from 180 to 320 min. How- 
ever, the increase induced by ethanol withdrawal was attenuated 
either by fluoxetine or alkaloid extract from MS treatment. Similar 
pattern of increase in gamma powers was also seen in parietal EEG 
(Fig. 6B). Ultimately, treatments either with fluoxetine or alkaloid 
extract from MS were found to almost completely prevent the in- 
crease in parietal gamma power induced during ethanol withdrawal. 
Gamma activities of ethanol withdrawal groups with either treat- 
ments were approximately at the level of non-ethanol withdrawal 
animals. 

Averaged gamma power during a period of 180-320 min was 
particularly calculated (Fig. 6A and B, inset). In both cortical ar- 
eas, gamma power was significantly increased in ethanol withdrawal 
group (frontal, F3 25 = 8.432, p < 0.001; parietal, F3 25 = 5.384, p < 
0.01). However, the increase induced by ethanol withdrawal was suc- 
cessfully attenuated by treatments either with fluoxetine or alkaloid 
extract from MS. Obviously, more pronounced effects of fluoxetine or 
alkaloid extract from MS were seen in parietal EEG. 


Effects of treatment with fluoxetine or alkaloid extract from MS 
on locomotor activity during ethanol withdrawal period 


Movement of animals was cumulatively counted during the 
8-h period of ethanol withdrawal. Significant increase was seen in 
ethanol withdrawal group in comparison to that of non-ethanol with- 
drawal animals (Fig. 7). However, the increase in locomotor activity 
induced by ethanol withdrawal was significantly attenuated by fluox- 
etine or alkaloid extract from MS treatment (F3, 25 = 5.881, p < 0.01). 


Discussion 


The present findings demonstrated three highlights of ethanol 
withdrawal studies which included effects of alkaloid extract from 
MS on REM sleep, EEG fingerprints, and ethanol withdrawal symp- 
toms. Unlike fluoxetine, a standard antidepressant, the alkaloid ex- 
tract from MS did not modify overall parameters of REM sleep. No 
change in REM sleep was seen when analyzed using spectrograms 
and hypnograms. In contrast, fluoxetine almost completely abolished 
REM. REM suppression was once proposed as one of hallmarks of an- 
tidepressant activities (Ivarsson et al. 2005; Kupfer et al. 1976). This 
suggests that antidepressant actions might rely on various mecha- 
nisms. In general, most of them produce the action through SSRI 
property, especially in the case of fluoxetine (Detke et al. 1995). 
Apart from the effects on serotonergic system, mitragynine, a ma- 
jor compound of MS, was also found to have antidepressant-like ef- 
fect through alteration of hypothalamic-pituitary-adrenal (HPA) axis 
(Idayu et al. 2011). These findings suggest alternative mechanisms of 
antidepressants. 

Quantitative analysis of EEG spectral power has been extensively 
applied to facilitate drug discovery. Changes in EEG pattern following 
drug administration are recognized as EEG fingerprints or biomark- 
ers such as those induced by antidepressants (Dimpfel and Hoffmann 
2010). For drug discovery, changes in EEG pattern following admin- 
istration of new compounds were analyzed in comparison to those 
induced by standard drugs with known central nervous system (CNS) 
actions. In this study, suppression of slow wave activity was seen fol- 
lowing treatment with fluoxetine, a standard antidepressant. Rela- 
tively similar action was also produced by treatment with alkaloid 
extract from MS in terms of magnitude and frequency range. 
These findings were consistent to previous studies (Cheaha et al. 
2014). These EEG fingerprints strongly emphasized commonality 
between the CNS action of fluoxetine and the alkaloid extract 
from MS. 

Following ethanol withdrawal, rats displayed arousal character- 
ized by increased locomotor activity, accompanied by an increase 
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Fig. 6. Time-course analysis of MS alkaloid extract and fluoxetine pretreatment effects on gamma oscillation (30.5-45 Hz) induced by ethanol withdrawal in the frontal (A) and 
parietal (B) cortices during the 8-h ethanol withdrawal period. Values were normalized and expressed in percent control naive mean. The inset values were calculated from a period 
of 180-320 min. Data are expressed as mean + S.E.M. of percentage of % control naive mean (baseline). * and #, compared to non-ethanol withdrawal and ethanol withdrawal 


respectively. 


in the power of gamma rhythm in the frontal and parietal cortices 
(Cheaha et al. 2014). Cortical EEG activity was assessed to examine 
neuronal hyperexcitability especially during ethanol withdrawal pe- 
riod (Ripley et al. 1996). Previously, gamma activity was particularly 
sensitive to ethanol withdrawal and fluoxetine treatment (Cheaha et 
al. 2014). The present data also demonstrated similar findings. They 
suggest clinical efficacy of the alkaloid extract from MS and support 
the monitoring of gamma power as a validated method for ethanol 
withdrawal study. SSRI increased extracellular serotonin and small 
amounts of some other catecholamine (Briley and Moret 1993) fol- 
lowing acute treatment. Their antidepressant response is relatively 
delayed (Frazer and Benmansour 2002). The increase in serotoner- 
gic neurotransmission induced by antidepressant drugs is thought 


to play a crucial part in ethanol withdrawal treatment. Depression 
did not occur during acute ethanol withdrawal period (Uzbay and 
Kayaalp 1995; Cheaha et al. 2014). 

In summary, this study proposed a practical model of drug 
discovery for treatment of ethanol withdrawal. A simple analysis 
of sleep pattern helped screen compounds that do not disturb or 
alter sleep-wake cycle. In addition, the analysis of EEG fingerprint 
of alkaloid extract from MS allowed for categorization of its mode 
of CNS action in accordance with standard drugs. Ultimately, pre- 
dictive power of gamma oscillation also confirmed the effectiveness 
of alkaloid extract from MS for treatment of ethanol withdrawal 
symptoms. 
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